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This study examines the ways in which three classes of alveolar
stops in Korean (voiceless 'tense' unaspirated /t*/, voiceless iax'
slightly aspirated /t/, and voiceless heavily aspirated /t /) present
different degrees of perceptual difficulty to adult English and
Korean listeners. Results show that the /t/-/tV contrast presented
the greatest difficulty in perceptual discriminability for the Amer-
ican listeners (61% error rate) while the /t*/-/t/ and the /t*/-/tV
contrasts presented relatively easy discriminability with 9% and 3%
error rates respectively. Painvise /-test results show that English
listeners discriminated the /t*/-/t / contrast significantly better than
the /t*/-/t/ contrast, suggesting that a larger difference in VOT
between stimulus items increases discriminability. These and other
results suggest that English listeners" perception of Korean voicing
contrasts is largely determined by phonemic status and to a lesser
extent by the magnitude of acoustic difference.
\. Introduction
Cross-language perceptual studies have repeatedly shown that adults typically
discriminate all native language contrasts but have difficulty discriminating
phonetic contrasts that are not used contrastively in their native language (e.g.,
Abramson & Lisker 1970; Goto 1971; MacKain, Best. & Strange 1981; Miyawaki
et al. 1975; Strange & Jenkins 1978; Tees & Werker 1984; Werker 1991; Werker &
Logan 1985; Werker & Tees 1984). The difficult)' in discriminating nonnative
contrasts has been attributed to the nonphonemic status of these contrasts in
the listeners" native language. That is, listeners are sensitive to phonetic differ-
ences between sounds when these differences signal a meaningful distinction in
their native language, but are apparently insensitive to other phonetic dif-
ferences. For example, it was found that adult speakers of Japanese have con-
siderable difficulty discriminating between English [r] and [1], a contrast not
found in Japanese, whereas English listeners showed highly accurate discrim-
ination of across-category comparisons (Miyawaki et al. 1975).
The effect of phonemic status of the listeners" native language has been
reported for a wide range of phonetic properties. For consonants, this includes
place, manner, and voicing distinctions. Of particular interest here is cross-
language perception study of consonant voicing. The classic acoustic measure
of voicing is VOT (Voice Onset rime), which is defined as the difference in time
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between the release of the stricture (usually, stop closure) and the onset of
voicing for the following vowel (Lisker & Abramson 1964). A negative VOT
value indicates voicing lead while a positive VOT value indicates voicing lag.
Lisker and Abramson (1970) generated 37 synthetic CV stimuli in which the C
portion incrementally varied in VOT from -150 to +150 ms. These stimuli were
presented to speakers of Thai and English using identification and discrimination
paradigms. Thai listeners separated the synthetic labial VOT series into three
distinct categories on an identification task (with category boundaries at about
-20 msec VOT and +40 msec VOT) and produced two categorical peaks in a
discrimination corresponding to these two identification boundaries, consistent
^
with the three distinct voicing categories in Thai stops. In contrast, English has a
two-way voicing distinction in stops, whose average labial VOT values are
msec and 58 msec (Lisker & Abramson 1964). Correspondingly, American
subjects produced a single categorical peak at +25 msec VOT and showed no
indication of better discrimination for pairs that crossed the Thai -20 msec VOT
boundary than for within-category comparisons (Abramson & Lisker 1970).
Although it has been fairly well established that phonemic experience in the
listener's native language influences the perception of nonnative contrasts, it
has also been noted that some nonnative contrasts present greater difficulty
than others (Best 1991; Best, McRoberts, & Sithole 1988; Tees & Werker 1984;
Werker & Logan 1985; Werker & Tees 1984). This nonuniform difficulty indicates
that phonemic experience alone cannot adequately account for the effects of
specific language experience. Aside from the listeners" phonemic experience, it
has been claimed that phonetic familiarity and acoustic salience may also
underlie differences in perceptual difficulty among nonnative speech contrasts
(Polka 1991, 1992; Werker & Logan 1985).
The proposed role of phonetic familiarity is that allophonic experience with
the relevant phones may improve discriminability of these phones. For example,
in a study of American English speakers' perception of Hindi phoneme contrasts.
Tees & Werker (1984) found that English subjects who had had more than five
years of Hindi instruction were able to discriminate a Hindi voicing contrast and
a Hindi place of articulation (dental-retroflex) contrast, while subjects who had
less than one year of instruction could discriminate the voicing but not the place
distinction. Tees and Werker suggested that, for the second group of English
listeners, allophonic experience with a range of voiced and voiceless variants in
English may have been sufficient to enhance discrimination of the Hindi voicing
contrast whereas such phonetic familiarity was lacking for the place contrast.
Other studies have shown that efforts to train nonnative speakers to ,
distinguish voicing contrasts have been more successful than training involving I
place distinctions (Pisoni. Aslin, Percy, & Hennessy 1982). suggesting that
voicing distinctions might be inherently more salient. Polka (1991) suggests that
the spectral differences found in different places of articulation may be less
'robust' than the temporal differences found in voicing contrasts. Such
differences in perceptual diftlculty are distinct from those caused by the
phonemic status of the listener's native language or the listener's familiarity with
J
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nonnative phones and can only be explained by inherent salience of acoustic
parameters.
1.1 Best's Perceptual Assimilation Model
Best and her colleagues (Best 1991; Best et al. 1988) have presented a perceptual
model that provides an integrated view of how phonemic, phonetic, and acoustic
factors may underlie variation in the perception of nonnative speech contrasts.
Best et al. (1988) maintain that the listeners" attention is normally focused at the
phonemic level during speech perception and that listeners perceptually
|assimilate nonnative phones to their native phoneme categories whenever
possible. Best (1991) proposes four ways in which nonnative phones may be
assimilated, and makes several predictions regarding the relative perceptual
difficulty of the four assimilation patterns.
In the first pattern, two target phones are assimilated as members of two
different native phoneme categories ("two-category" assimilation). This pattern is
exemplified by French listeners' perception of the English voicing contrast in
voiceless and voiced dental fricatives. French listeners tend to perceive these
fricatives as III and /d/ respectively. The second pattern is "single-category' as-
similation, where the two target phones are assimilated as variants of a single
native phoneme. An example is English listeners' perception of the Hindi voice-
less retroflex-dental contrast, where both consonants are perceived as instances
of the same English alveolar stop category (Werker 1991). Best's model predicts
that listeners will have the least difficulty discriminating two-category contrasts
while having the greatest difficulty discriminating single-category contrasts.
Two other assimilation patterns give rise to intermediate levels of diffi-
culty. In 'category-goodness" assimilation, the nonnative phones may both be
assimilated to a single native category, but the listener perceives one phone to
be phonetically more similar to the native category than the other nonnative
phone. For example, both the Zulu voiceless aspirated velar stop /k'V and velar
ejective /k'/ are likely to assimilate to English [k'], but the former is perceived as
essentially identical to English [k''] while the latter is heard as quite discrepant
from it. In the fourth pattern, nonnative sounds are highly discrepant from the
properties of any native categories and are perceived as nonspeech sounds (i.e.,
'nonassimilable" category). The clicks of southern Bantu and Khoisan languages
are unlikely to assimilate well to any English phoneme categories because they
are unlike any English phonemes. Since the 'nonassimilable" category tokens are
perceived as nonspeech sounds, the listener differentiates them by attending to
psychoacoustic differences rather than phonemic or phonetic differences.
1.2 The current study
[Based on this model then, the current research examines adult English and
iKorean listeners" perception of the distinctions in phonological types found in
Korean alveolar stops in naturally spoken tokens.' More specifically, this study
attempts to investigate phonemic status, phonetic familiarity, and acoustic
salience underlying English listeners" perception of voicing distinctions in
Korean, which has a three-way contrast in voiceless stops in initial position. The
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three Korean stops contrast phonemically and are exemplified by the following
minimal triplet:
fype 1: [t*amj "sweat" (iinaspiraled, tense or fortis)
Type 2: [tam] 'fence' (slightly aspirated, lax or lenis)
Type 3: [t am] 'greed' (heavily aspirated)
Tables 1 through 3 present a summary of previoush' reported mean VOT
values for each of the three categories of Korean stops in word-initial position at
labial, alveolar, and velar places of articulation.
Table 1. Mean VOT values (msec) for unaspirated stops in initial position "
jT^ \*^ k* mean # of speakers
Kim (1965) 9 15 13 12 1
Lisker & Abramson 7 11 20 13 2
(1964)
Han &Weitzman( 1970) 5 10
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/d/ and /t/ in English; tlie same would be true of /t*/ and /t /. However, Korean /t/
and /t / would be assimilated as a single category since both of their VOT values
fall within the English HI category. If phonemic status is the sole factor in
explaining perception of the Korean contrasts, then l\.^l-l\l and /t*/-/tV contrasts
would be predicted to be equally easy. However, if acoustic salience exerts an
inlluence on perception of Korean phones, then perception of /t*/-/t / and /t*/-/t/
contrasts would be predicted to be different. Based on the claim made by Carney,
Widin, & Viemeister (1977) that a larger VOT difference is perceptually more
salient than a smaller VOT difference. English listeners would be predicted to
better discriminate the /t*/-/tV-contrast than the /t*/-/t/-contrast since the fonner
pair is characterized by a larger VOT difference.
2. Method
2.1 Stimuli
A 30-year-oId male native speaker of the Seoul dialect of Korean was recorded
producing multiple repetitions of CV syllables where C was one of the three
Korean alveolar stops and V was /a/. The speaker had been living in the United
States for six years. Multiple repetitions of 20 randomized Korean CV syllables
including the 3 alveolar stop types and 17 other Korean consonants were
recorded by the speaker in a sound-attenuated chamber. The 8 tokens of each
stop categop.' were low-pass filtered at 5 KHz and digitized at 10 KHz with 16 bit
resolution. Stimulus materials were prepared using a multiple natural exemplar
approach (Polka 1991) in which tokens of each stop category are selected so as
to minimize across-token differences within that category.
On the basis of acoustic analysis and perceptual judgments by three other
native Korean speakers, four tokens of each stop category were selected so that
acoustic variations among the four tokens were minimal. Two criteria were used
to determine the amount of acoustic variation between tokens: VOT and FO at the
onset of the following vowel. This is done because, in addition to VOT
differences between the Korean stop categories, it has been found that FO
following A*/ is higher (by about 30 Hz) than that following l\l and FO following
/t'V is higher (by about 10 Hz) than that following /t*/ (Han & Weitzman 1970;
Silva 199^2).
VOT values (measured from the release of the stop closure to the onset of
voicing) and FO at the onset of the following vowel were obtained by using
spcctrographic and waveform displays. The VOT values and the FO measures for
voiceless unaspiraled /t*/. voiceless slightly aspirated /t/, and voiceless heavily
aspirated /tV are listed in Tables 4 through 6.
VOT values for the four tokens of each category differed by up to 8 msec
for the /t/ and /tV categories and by about 4 msec for /t*/. Test tapes consisted
of pairings of the 12 stimuli arranged in a catcgorial AX task that requires the
listener to attend to between-category differences and to ignore within-category
variation. (Thus, the catcgorial AX task used by Polka (1991). among others, is
conceptually similar to the name-identity AXB discrimination task used by Best
etal. (1988)).
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Table 4. VOT and FO measures for 4 tokens (t* l-t*4) of/t*/
/t*/
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11 t2 13 t4
Figure 2. Sample 'ditTerent" combinations
The interval between two stimuli in a trial (e.g., between t*l and t*2 in a
'same" pair trial, or between tl and t* 1 in a 'different' pair trial), or interstimulus
(interval (ISI). was 1.5 seconds and the interval between trials, or intertrial interval
(ITI), was 3 seconds. The interval between blocks was 8 s. A relatively long ISI
of 1.5 seconds was chosen because listeners tend to demonstrate phonemic-level
processing with a longer ISI and auditory processing with a shorter ISI (Werker
& Tees 1984). The Korean syllables on the test tapes were identified by the
author to determine whether the stimulus items had been distorted or mislabeled
during stimulus processing.
2.2 Subjects
20 American-English speaking undergraduate students at the University of
Michigan and 10 native Korean speakers served as subjects. The 8 male and 12
female American subjects ranged fi-om 18 to 36 years of age, with a mean age of
20.6 years. The extent of the American subjects' knowledge of foreign languages
ranged from no training at all to several years of classroom instruction in one or
more of Spanish, French, Italian, Gemian, Hebrew, and Vietnamese. The control
group of 6 male and 4 female Korean subjects were either graduate students at
the University of Michigan or their spouses and ranged from 23 to 33 years of
age. with a mean age of 27.7 years. Length of stay in the U.S. for the control
group ranged from 1.5 years to 6 years, with a mean length of stay of 3.8 years.
Subjects were paid for their participation. All subjects reported having normal
hearing and having had no phonetics training.
2.3 Procedure
2.3.1 American-English Listeners
American-English subjects were told that they would hear syllables beginning
with three different consonants that do not differentiate words in English but are
distinctive in other languages. To familiarize subjects with the three-way distinc-
tion, two or three examples of each of the three stop categories were played one
or more times so that the total number of stimuli played per category was five.
The stimuli in this familiarization sequence were not those used in the test
I sequences. Following the familiarization sequence, a brief 12-trial practice test
'was given, again using tokens that were not used in the actual test. While the
first 6 trials of the practice test had correct answers written on the response
sheet, the last 6 trials contained blanks for listeners to write their own responses.
Answers for the last 6 trials were given after the practice test was completed and
listeners graded their own responses.
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The recorded test sequences were presented through Sennheiser HD 222
headphones connected to a Panasonic Audiotape Deck SV-3500 in a sound-
attenuated chamber to one to four listeners at a time. Subjects were asked to
respond 'same' when they thought the pair contained two instances of the same
consonant, and 'different" when they thought the pair contained two different
consonants, by writing 'S' in the former case and 'D' in the latter. It was
explained that 'same' does not mean 'identical' but rather refers to two instances
of the same stop category. During the actual test, two five-minute breaks were
given: one after the first 18 blocks, another after the next 18 blocks. During
breaks, all listeners were asked to leave the sound-attenuated chamber and move
around in the hallway. The entire procedure was approximately one hour and 30
minutes in duration.
2.3.2 Korean Listeners
Instructions to Korean listeners were given by the author in Korean. Korean
listeners were told that they would hear syllables beginning with three different
consonants in Korean. The same familiarization sequence and the 12-trial practice
test were given to the Korean listeners. Subjects were asked to respond "same'
when they thought the pair contained two instances of the same consonant, and
'different" when they thought the pair contained two different consonants, by
writing an "O' (a circle) in the fonner case and 'X' (an ex) in the latter. Again,
explanation was provided that 'same' does not mean 'identical" but rather refers
to two instances of the same stop category. Answers for the last 6 trials were
given after the practice test was completed and listeners graded their own
responses.
3. Results
The mean percent errors of the 10 Korean listeners in the categorial AX task for
each of the Korean contrasts are shown in Table 7. The Korean listeners had a
99% accuracy rate, except for one subject who had an accuracy rate of 92%. It
should be noted that 4% out of the 5% error rate for the /t*/-/t*/ pair and 0.8%
out of the 1.4% error rate for the /t7-/tV pair was due to that listener. The source
of this particular listener's difficulties is unclear since the length of her stay in the
U.S. is 3.5 years, close to the mean length of stay of 3.8 years for the ten Korean
subjects. Overall, however, the near-perfect accuracy rate of Korean listeners'
perceptual data suggests that the tokens used in the perception test are clear
instances of Korean stops.
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much more difficult with a greater than chance error rate (with chance being
50%).
Table 8. Pooled perceptual results for American-English listeners
Contrast
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high error rate) were attuned to acoustic differences other than VOT and FO. A
future study may determine the relationships between perceptual difficulty and
other specific acoustic parameters not examined here, such as formant
transitions, total duration of the syllable, vowel duration, vowel mean amplitude,
and vowel peak amplitude.
In siimman.'. this study investigated how English-language listeners
perceive phonation distinctions among Korean alveolar stops. Predictions based
on the phonemic status of these stop categories in English and on the magnitude
of the acoustic differences (in selected dimensions) were generally supported byi
English-listeners' response patterns to the across-category ('different') pair"
types. However, the factors underlying their responses to within-category
("same') pair-types were not conclusively determined and would require further
investigation. Overall, the perceptual data suggest that neither phonemic status
nor acoustic salience can individually account for the variability in perception of
the Korean contrasts. Rather, a more integrated approach that incorporates these
and other acoustic factors seems to be necessary in producing a complete
explanation of the manner in which English listeners perceive Korean stop
contrasts.
NOTES
' In this study, only the alveolar series was investigated due to the large number
of trials required in the perception experiment (see also section 2.1).
2 Silva (1992) did not provide VOT measurements for unaspirated and heavily
aspirated stops. For slightly aspirated stops, there is a striking discrepancy be-
tween Silva's study and the previous ones, which Silva attributed to differences
in measurement procedures. Silva reported that Kim (1965) and Lisker &
Abramson (1964) measured VOT from the beginning of the release to the onset of
voicing in the following vowel; Han & Weitzman (1970) measured from the
beginning of the release to the onset of Fl; and Silva (1992) measured from the
end of the release to the onset of F2. Since it is often the case that onset of
voicing occurs before the onset of Fl. which in turn occurs before the onset of
F2, Silva reasoned that using each of these three points to mark the end of
aspiration would yield values that are progressively longer in each case.
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